DEMIRCI software aims to aid RFQ design efforts by making the process easy, fast and accurate. In this report, DEMIRCI 8-term potential results are compared with the results provided by other commercially available simulation software. Computed electric fields are compared to the results from simulations of a recently produced 352 MHz RFQ. Recent developments like the inclusion of space charge effects in DEMIRCI beam dynamics are also discussed. Moreover, further terms are added to 8-term potential to simulate possible vane production errors. The FEM solver was also improved to mesh the cells with errors.
INTRODUCTION
Radio frequency quadrupole (RFQ) cavities are being used to bunch, focus and accelerate ion-beams at the initial phase of modern linacs. The successful operation of an this complex cavity, requires a rapid and realistic calculation of the so called K-T potential [1] . The design of the cavity and the simulation of the ion beam within both require intensive computer simulations with dedicated software. PARMTEQM and LIDOS are the leading examples to such computer programs that have been developed since 1980s [2, 3] . The graphical RFQ design software, DEMIRCI, was born out of the need for a modern and accessible tool [4, 5] . It allows a completely graphical user experience, runs over multiple operating systems and permits, albeit simplistic, beam dynamics calculations [6, 7] . This note will focus on the developments made in the last year, such as streamlining the eight term potential coefficients calculation, addition of more terms to calculate the effects of the errors due to construction and assembly, and determination of the RFQ acceptance via beam dynamics.
EIGHT TERMS COMPARISON
The correct determination of the time independent part of the K-T potential for each cell is crucial [1] . After symmetry, computational time and accuracy considerations, it has become traditional to calculate the first eight terms (8T) of the full K-T solution given by: * emre.celebi@cern.ch 
where r and θ are spherical coordinates for which z represents the beam direction, V is the inter-vane voltage, k is the wave parameter given by k ≡ 2π/λβ, with λ being the RF wavelength and β being the speed of the ion relative to the speed of light. Additionally, r 0 is the mean aperture of the vanes, I 2m is the modified Bessel function of order 2m and the A nm are the multipole coefficients whose values are to be found depending on the vane geometry. DEMIRCI uses the approach of 3 dimensional differential finite element method to obtain the potential distribution across the RFQ length and then does a least squares fit to find the multipole coefficients. This method was reported to be as accurate as the image charge method and much faster from computation point of view [8] .
To test the validity of the procedure and the correctness of the implementation in DEMIRCI, the multipole coefficients calculated by DEMIRCI are compared to the ones calculated by other groups as found in the literature [8] . The reference cells for which the coefficients are calculated range from low m to high m, i.e. from the the entrance of the RFQ to its exit. The properties of these reference cells are given in Table 1 .
The multipole coefficient calculation results for the reference cells are shown in Table 2 . Each block of 3 rows contains the calculation results of the multipole coefficients of the reference cell indicated by the first column. The last column contains a total error defined as
where the summation runs over the first 8 coefficients and the reference values (C P ) are from PARMTEQM.
By simply comparing the total error, given in the last column of tions, one can see that coefficients obtained from DEMIRCI calculations are close to those from the other two softwares. Using the calculated coefficients the 8T potential can be formed and electric field components can be obtained. The Fig. 1 contains a comparison between the z components of the electric field as calculated by CST and DEMIRCI for the same RFQ operating at 352 MHz [4] . As one can observe, the exit region (although DEMIRCI does not contain the Crandall cells) and the overall envelope is matching between the two programs, however the input part has a slight mismatch which is being investigated. Vane profile was produced with Demirci and imported into to CST where it is used to construct the cell geometry. After electrostatic solution was achieved, values at the mesh node positions produced by Demirci-Fem are scored. In Fig. 2 
SPACE CHARGE EFFECTS IN DEMIRCI
Space charge (SC) effects are handled in a similar way to the 8T potential calculation method. For each cell segment, the vane potentials are given as zero and the poisson equation is solved numerically. However this time, the difference equation becomes an inhomogeneous one due to the charge induced by the macro-particles representing the beam. The potential obtained in this step is to be added to the previously calculated 8T K-T potential and should be used in beam dynamics calculations. At each time step, the SC potential has to be re-calculated for the updated positions of the macroparticles. This is a time (CPU) consuming process and currently, it is being both debugged and speeded up.
ADDITIONAL TERMS IN K-T POTENTIAL
DEMIRCI is also capable of simulating possible vane production and assembly errors. These errors lead to the breakdown of the rotational quadrupole symmetry of the RFQ cavity. Putting back the terms originally cancelled by this symmetry, the equation 1 becomes:
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where the index m doesn't anymore need to be an even integer and the coefficients B 0m and B nm are to be determined using the boundary conditions. The FEM solver implementation in DEMIRCI was also improved to handle RFQ cells with errors. Instead of only solving quadrant one, all four quadrants are meshed and the resulting nodes are added to the overall stiffness matrix which is inverted using the conjugate gradient method.
ACCEPTANCE CALCULATION
The acceptance of the RFQ under design, is estimated using a very simple method: a large number of particles are created at the entrance of the RFQ with a uniform distribution in a large portion of the phase space. The particles are then moved through the RFQ using the beam dynamics under the 8T potential as discussed previously. The initial phase space positions of the particles that survive the trip and exit the RFQ, constitute the RFQ acceptance as shown in Fig.3 . Based on this information the phase space parameters of the RFQ "matched" acceptance ellipse can be found: α m , β m and γ m . Then the mismatch (M) with any incoming beam with known (measured) parameters can be found as:
where ∆ = ∆ 2 α − ∆ β ∆ γ and a delta with subscript represents the difference between the beam's Twiss parameters and the "matched" RFQ values, e.g. ∆ α = α − α m .
OUTLOOK
DEMIRCI is being developed continuously to match the requirements of both national and international RFQ designer communities. Its graphical user interface will also contain the interaction mechanisms with other tools to design the ion chamber and the low energy beam transport magnets. 3D visualization and other aids are in the to do list as well. Comparing DEMIRCI results to those of the PARMTEQM, the state of the art software of the field, is essential to improve its simulation capabilities and to make it more accurate. The procurement of this software is in progress.
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